we compute its abundance theoretically.
For conditions typical of the inner (v < 2500 km s-1) envelope of SN 1987A, the fraction of H that is in molecular form rises to~!% by t _ 800 days. For t < 500 days the formation is dominated by the gas-phase reactions H + H ÷ _ H_-+ hv; H_-+ H _ H 2 + H ÷. Thereafter, the formation is dominated by the reactions H+e_H +hv; H-+H---,Hz+e. At early times the H-may absorb~10%-30% of visible photons, contributing to the apparent paucity of Hot emission. For t > 1000 days the abundance of H 2 "freezes but" due to the slowing of all reactions. The opacity of the supernova envelope in the range 912 < 2 < 1400 A (the upper limit depending on temperature) is dominated by resonance scattering in the Lyman and Werner bands of H2. The resulting fluorescence emission bands of H 2 in the range 1150 < 2 < 1650 A may be observable in the UV spectra of supernovae at late times. (McCray 1993) . By t > 4 months after the explosion, the optical/infrared photosphere had receded to the center of the envelope, and the spectrum was dominated by emission lines. Analysis of the spectra showed that the gas in the inner envelope was remarkably cool (T < 3000 K) and neutral (electron/neutral ratio he nil < 0.02), a fact evinced by the observation of emission bands of CO and SiO molecules as early as t = 112 days, well before any evidence for dust formation appeared. Evidently, the dense, cool, partially ionized gas in a supernova envelope is an environment favorable for molecule formation by gas-phase reactions (Dalgarno 1993) . Thus, it is natural to ask whether H 2 molecules (or related species such as H_-) might also form there. Dalgarno (1993) has shown that the answer will be sensitive to the evolution of the temperature, density, and ionization in the envelope. Now that we have a better understanding of these conditions, we can revisit this question and model the formation of H 2 with more confidence.
Of course, we also want to know whether we can observe H2 in the envelope of SN 1987A (or any other type II supernova). This may be difficult because the infrared decays of H2 are so highly forbidden. We might also hope to detect Hz in the UV through the strong Lyman and Werner emission bands, but that prospect is also clouded by the strong line blanketing (due primarily to iron group elements) that is seen in the UV spectra of supernovae.
Nevertheless, there is evidence that this line blanketing diminishes at later times, opening windows in the UV spectrum where we might see H2 emission bands.
Even if the UV radiation does not escape from the supernova envelope, there must be a substantial UV radiation field within the envelope of SN 1987A in order to account for the strengths of the hydrogen recombination lines (Xu et al. 1992 ) and the lines ofFe ÷ (Li, McCray, & Sunyaev 1993) . Today, our poor understanding of this UV radiation field is the greatest 335 obstacle to a better understanding of the emission-line spectra of supernovae. As we shall show, H z molecules probably dominate the UV opacity of the inner envelope in the range 912 < ). < 1550 A. Thus, even if we fail to find direct evidence for H 2 in supernova envelopes, we must be able to model its abundance and UV opacity in order to understand the emission-line spectra of other species.
We address these questions here. In § 2 we define the model, including the conditions in the envelope of SN 1987A and the atomic processes that form and destroy H2. Then, in § 3 we describe the resulting evolution of the abundances of H z and related species. In § 4 we describe a model for the production of UV radiation and its absorption and fluorescence by H2. Finally, in § 5 we summarize our results and consider the implications for supernovae in general.
THE MODEL

Physical Conditions
Our present understanding of the structure and physical conditions in the envelope has been reviewed by McCray (1993) . Here we summarize those facts relevant to the formation of H2 molecules. We confine our discussion to the inner part (comoving with radial velocity t, < 2500 km s-1) of the supernova envelope that emits most of the optical/IR luminosity. Evidently, this region is an inhomogeneous mixture of "blobs" of nearly primordial composition separated from chemically distinct blobs of other element groups : He, O, Fe/ CO/Ni, etc. We believe that dynamical instabilities during the first few hours or weeks after the explosion stirred up the stratified envelope of the progenitor star, resulting in an interior region with such a texture.
It is perhaps surprising that we can infer any quantitative information about the physical conditions in such a complex region. Yet fairly good fits to the evolution of the spectrum have been obtained with simple models in which each element group, with mass Mx, shares a fixed fraction,f x, of the emitting volume and has uniform density px(t)= 3Mx/(4rtfxt_3t 3)
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where 
where D is the distance to the supernova,
is the mean escape probability (Osterbrock 1989) , and z_ is the optical depth to the center of the sphere due to H . Therefore, the number of dissociations per second of His (1 -P_) (47zD2 FJp 2). 
These quantities, as well as the net formation rate, RF --Ro, are plotted in Figure 3 for Figure 4 shows, for model A, the contributions of various processes for formation and destruction of H2 as fractions of the respective total rates. We see that the reactions (2, 3, and 12) dominate the formation for t < 500 days, but that the Hreactions (8, 9) dominate for t > 500 days, when most of the H2 is formed. Formation on dust grains (reaction 1, the dominant mechanism in diffuse interstellar clouds) or by the H* process (reaction 11) never makes a significant contribution. Figure 4 also shows that the UV photodissociation dominates the destruction of H2 except for t _> 1200 days, by which time the destruction timescale is much greater than the age of the supernova. In fact, the asymptotic abundance of H2 is insensitive to the UV field, because the UV photodissociation rate is negligible compared to the formation rate when the H 2 abundance freezes out. Figure 5 shows, for model A, the mass fractions of the important trace ions, H-, H_, and H_ as functions of time. The abundance of H-is controlled largely by a balance between the radiative attachment reaction (8) and, for t _<600 days by its inverse, where the photodetachment is dominated by the strong Ha, O t ).26300, [Ca n] 3.27300, and Ca n 3.3.8600 lines seen in the observed radiation field. For t > 600 days, the H-is destroyed primarily by forming H2 (reaction 9). We see that f(H-) = n(H-)/n(H) ,_ 10 -z°until t ,_, 1000 days, after which it decreases. The H_ is formed by reaction (4) and destroyed by reactions (6) and (7); therefore its abundance rises rapidly for t > 600 days along with the abundance of H2. The reaction rates (6) and (7) are relatively uncertain and the value chosen for these rates can dramatically change the final abundance of H_-. We will return to this point in § 5.2.
4.
ULTRAVIOLET FLUORESCENCE
The Model
A few weeks after the explosion, the supernova envelope can be regarded as a freely expanding sphere of gas (McCray 1993) . Accordingly, the relative velocity, Av, of any two atoms or molecules in the envelope is related to their separation, Ar, by a Hubble law, Av = Ho Ar, where the Hubble constant is related to the age of the supernova by H0 = t-1. Likewise, the wavelength of radiation emitted by an atom at one point and absorbed by an atom at another point is redshifted according to the Hubble law.
As a result of illumination by gamma rays, metastable 2 tS state of hydrogen and helium in the supernova envelope are populated by nonthermal electron impact excitation and recombination.
The metastable hydrogen population is elevated because the Ly_t transition is suppressed due to the very high optical depth of the line (Xu et al. 1992) . Consequently, the metastable helium and the metastable hydrogen both decay by two-photon emission, and these decays are the main sources of UV continuum photons within the supernova envelope.
Observations of the spectra of supernovae, and SN 1987A in particular, show that, unlike the optical and infrared radiation, most of this UV radiation does not escape the supernova envelope.
For 3. < 912 ,,I,, the UV radiation is strongly absorbed by photoionization of H I. For 912 < 3. _< 3000 A it is absorbed by resonance transitions of trace elements such as Fe I and Fen (Mazzali & Lucy 1991 ; Xu & McCray 1991) . As we shall show, the Lyman and Werner transitions of H2 probably dominate the UV opacity in the range 912 _<3. < 1400 A, where the upper limit is sensitive to temperature.
As we describe below, these transitions convert the H I and He 1 two-photon continuum photons emitted in this range into photons of longer wavelength by fluorescence and also dissociate the molecules. Ti.j(r) = exp (-r,.j,
Method of Calculation
where the optical depth, ri._, of the line is given by the Sobolev approximation (Castor 1970; McCray 1993) , z I =-ln(Tj, where T 1, the transmission probability, is a random number, 0 < T t < I. The wavelength, 2 l, of the first resonance scattering is then given by the condition _t r(2i.j > rt ,
i.e., the first resonance scattering occurs at the wavelength 2i._ for which the accumulated Sobolev optical depth of all intervening resonance shells just exceeds r l. We thank E. Roueff for providing us with data on the UV radiative transitions of H2.
